Synaptonemal complexes (SCs) were measured in large samples (16-31) of pachytene nuclei from five different plants of Crepis capillaris, with the aim of conducting a systematic study of intra-plant and interplant SC length variation. Individual plants showed considerable variation in SC length among cells (average range= 1.83x), which is presumed to reflect stage-related differences in chromosome and SC length during pachytene. The five plants selected for study showed highly significant differences in SC length. These differences are interpreted as real differences in the means and ranges of SC lengths in different genotypes rather than, for example, sampling effects. Mean SC lengths at pachytene and mean chiasma frequencies at metaphase I show signs of being positively related, but the correlation is statistically non-significant, indicating a need for more extensive study.
Introduction
Since its original discovery almost 40 years ago (Moses, 1956; Fawcett, 1956 ) the synaptonemal complex (SC) has been the subject of extensive investigation and characterization, initially at the ultrastructural level and, more recently, at the molecular level (Heyting et al., 1987) . With the introduction of methods for analysing entire nuclear complements of SCs by three-dimensional reconstruction from serial sections and later by surface-spreading procedures, SC length measurements have become relatively routine and are widely reported in the literature (reviewed by Von Wettstein et a!., 1984) . SC length variation is of interest from a number of different perspectives. Despite the marked evolutionary conservation of SC ultrastructure, average SC length varies enormously across the phylogenetic range of eukaryotes, and there is considerable interest in relating this inter-specific variation to differences in genome size and genome composition with the aim of better understanding the quantitative and qualitative nature of the SC-genome interaction (e.g. Gillies, 1984; Anderson, eta!., 1985) .
Relatively less direct attention has been paid to the analysis of intra-specific SC length variation. Although SC length measurements are widely reported, most accounts are relatively brief and superficial and, apart from a few studies, the extent and significance of SC length variation among and within individuals of particular species have not been systematically investigated. The majority of published accounts are uninformative in this respect because of low sample sizes (i.e. low numbers of nuclei analysed) or because the grouping of data from different individuals obscures any interindividual differences which might exist. In a few somewhat exceptional situations, however, some quite marked intraspecific SC length variations have been reported. These concern the effects of sex differences (e.g. Bojko, 1985; Wallace & Hulten, 1985; Jones & Croft, 1989) or supernumerary (B) chromosomes which, in some cases at least, are associated with pronounced differences in average SC lengths and with substantial correlated differences in recombination frequencies.
The present study sets out to investigate and analyse SC length variation, unrelated to sex differences or B chromosomes, in normal diploid natural-population plants of the cytogenetically favourable species, Crepis capillaris. It is addressed particularly to characterizing the cell-to-cell variation in SC length which exists within individual plants, and also to investigating whether significant differences in average SC length occur among different plants. A Surface-spreading of SCs The surface spreading procedure used was basically that described by with some modifications. Six to seven immature florets containing pollen mother cells judged to be in early prophase I of meiosis were gently tapped out in one drop of digestion medium (0.1 g snail gut enzyme [cytohelicase], 0.250 g polyvinylpyrrolidone, and 0.38 g sucrose, in 25 ml distilled water) in a cavity slide, and left for 3-4 mm. Single small drops of this suspension were then transferred onto single drops of detergent solution (1 per cent Lipsol) on plastic-coated and glow-discharged glass slides. After 5-6 mm, two drops of paraformaldehyde fixative were added, and the slides were then dried at 25-30°C on a hotplate for not less than six hours, rinsed in distilled water and air dried. For silver staining, a few drops of 50 per cent AgNO3 solution were placed onto slides, that were then covered with patches of nylon gauze and incubated in a moisture chamber at 60°C for 60 mm. Suitably spread nuclei were identified by bright field light microscopy and their positions on the slide marked with a fine pen. The plastic film was cut with a sharp blade and floated off the slides onto a clean water surface. Electron microscope grids were carefully placed over spread nuclei on the film, picked up from below onto steel meshes, and carefully dried. Suitably spread and stained nuclei were examined and photographed in a Philips EM3O 1 or in a JEOL 1 200EX electron microscope. Measurements of SCs were made from enlarged photographic prints ( •y4S c't'
Results and discussion
Total nuclear SC lengths were measured in as many pachytene nuclei (Fig. 1) (Holm & Rasmussen, 1977; Croft, 1984; Gillies & Cowan, 1985; deJong etal., 1989) . Anderson et a!. (1985) argued that the range of SC lengths observed in several Angiosperm plant species were mainly a reflection of stage-related differences in chromosome length during pachytene and considered that technical causes, such as physical stretching of SCs during preparation, were relatively unimportant. Since most workers introduce precautions to avoid including nuclei affected by technical artefacts of the spreading procedure this conclusion is probably generally applicable, but the possibility of some variation due to stretching cannot be excluded. Progressive variation in SC length during pachytene has been carefully analysed in sectioned Drosophila oocytes (Carpenter, 1979 ) making use of the developmental progression and ordering of cysts within germaria. This study recorded a 1 .8x range of SC lengths among pachytene oocytes and also concluded that SC lengths initially decreased during early to mid pachytene before extending again during late pachytene. A similar pattern of change in SC length was described in hamster spermatocytes, where sub-stages of pachytene Carmi et al. (1978) were defined by changes in XY morphology (Moses et a!., 1977 (Gillies, 1983) . The ranges of SC lengths observed in Crepis capillaris are similar to those described in maize which supports the contention that the pachytene nuclei analysed in the present study represent the entire range of pachytene.
The pattern of variability of SC lengths within the five plants of Crepis capillaris is clearly evident from the histograms in Fig. 2 . While there are too few observations to be able to examine the statistical properties of these distributions (e.g. normality), it is nevertheless noticeable that all the plants display signs florets prepared on between 2 and 6 different occasions, which strengthens this argument still further. This inter-plant variation is perhaps not surprising considering that Crepis capillaris is a genetically heterogeneous outbreeding species in the wild. Significant inter-strain, as opposed to inter-individual, differences in SC length have been reported previously in Zea mays (Gillies, 1983) . Inter-individual SC length variation is rather infrequently reported or even considered in the literature. Significant differences between individuals are, however, reported from cats (Gillies & Cowan, 1985) and also rye (de Jong et a!., 1989) but the numbers of nuclei analysed per individual were relatively low in these studies (See Table 2 ).
This study give some notion of the variation in SC The plants included in this study showed a range of mean chiasma frequencies between 3.57 and 4.42 per cell. These values are representative of the range of mean cell chiasma frequencies observed in a large-scale natural population survey of this species (Whitehouse et al., 1981) . Plotting these mean chiasma frequencies against mean pachytene SC lengths (Fig. 3 ) reveals evidence of a positive relationship of these variables. However, the correlation coefficient, though positive and large (r= + 0.781), is not significantly different from zero (t(3)=2.165; P>0.1), one explanation for which could be the relatively low number of plants in this study.
At present, and until more extensive studies can be carried out, there is only a tentative suggestion that mean SC length may be correlated with mean chiasma frequency in normal natural population plants of by indications from other studies for the existence of such a relationship. However, these other studies, as previously mentioned, involve special situations such as sex difference (e.g. Bojko, 1985; Wallace & Hulten, 1985; Jones & Croft, 1989) or possession of extra heterochromatin such as B chromosomes or heterochromatic knobs (Mogensen, 1977 
